Abstract: The effect of moderate UV-irradiation (45J/m2) on species diversity of asporogenic heterotrophic bacterial isolates from paddy field soil was studied. Although the isolates from irradiated Petri dishes had less pronounced hydrolytic abilities and eutrophs were less numerous, irradiation did not result in specific selection of UV-resistant bacteria. Species diversity indices were higher for the set of isolates from irradiated dishes. This can be due to the fact that the number of cells inoculated onto irradiated dishes was about one hundred higher than onto control dishes; there may be a greater chance for soil bacteria of minor groups to form isolated colonies on irradiated dishes.
Introduction
Colony counts on solid media is one of the most common methods to determine bacterial numbers in natural habitats. Media with relatively low nutrient concentrations (ca 0.1%), which are mostly used in microbial ecology, support the growth of a greater variety of bacteria. However, since bacterial numbers are gererally very high, the less numerous organisms may be easily overlooked or simply not occur in a small volume of a highly diluted inoculum. Conventional selective media may be of limited use, since the less numerous organisms do not necessarily have specific physiological properties.
The most common way to overcome this difficulty is suppression of more numerous groups of microorganisms by including antibiotics, dyes, or other inhibitors (e. g. Carlson and Pacha1), Warke and Dhala10)). Since the bacteria which are looked for are most probably oligotrophic and oligotrophs generally have high GC contents (Raga and Wakao; personal communication), they can be considered relatively resistant at least to moderate UV-irradiation as in the case of aquatic bacteria (Singer and Ames7)), it seemed a promising tool for the same purpose.
In this paper, we discuss the effect of UVirradiation on the species diversity of heterotrophic bacteria from water-covered paddy field soil.
Materials and Methods

Soil Samples
Soil samples were obtained from the paddy field of the experimental farm of the Institute about 45 km north of Sendai. The soil layer about 3 cm below the surface was used for sampling.
Media
The growth media used were PYG medium (g/ 
Inoculum preparation
One g of soil was suspended in approx. 20ml of sterile distilled water and sonicated for 30 sec in Model 200 A sonic vibrator (Kubota Co). The suspension was suitably diluted using sterile distilled water. The Inoculum volume was 0.1 ml per Petri dish.
Irradiation conditions
Inoculated dishes were positioned 150mm below a 15-W germicidal lamp and irradiated for 1 min; total radiation dose, as measured immediately before irradiation, was 44.5J/m2. After the irradiation, the dishes were immediately transferred into the darkened incubator to avoid the possibility of photo-reactivation.
Colony counts
The newly appearing colonies were counted periodically during 267h of incubation; the colonies were subdivided into several groups according to the time of their formation.
Five replicate dishes were used for both control and experiment on each medium. For UV-irradiated dishes, 10-4 dilution was chosen as producing a countable amout of colonies; for control dishes, 10-6 dilution.
Isolates
After the end of incubation, 20-30% of all colonies from experimental dishes and the same amount of those from control dishes were chosen at random and used for obtaining the isolates. The isolates were studied under the phase microscope, and those evidently capable to form resting stages (bacillae, fungi, yeasts, and actinomycetes) were excluded from the subsequent study.
Microbiological tests
The morphological criteria used were cell shape (rods/cocci), Gram reaction, and pigmentation. The microbiological tests included the ability to grow on all three media used, as well as on full strength nutrient agar and nitrogen-free medium (g/l: Na-malate, 1.0; Na-succinate, 1.0; glucose, 1.0; K2HPO4, 0.5; MgSO4 •7H2O, 0.2; NaCI, 0.1; CaC12, 0.02, Fe EDTA, 1.64% soin, 4ml; vitamin soln5), 1ml; mineral salts solution, 2ml; Purified agar, 1.75). The ability to hydrolyze starch, gelatin, aesculin, and Tween 80 was studied according to the method of Holding and Collee4). To determine the ability to utilize certain substrates as sole carbon and energy sources, glucose, cellobiose, rafhinose, acetate, formate, fumarate, caproate, benzoate, serine, and asparagine were added (1.0g/1) to the 337 mineral medium. Growth on mineral medium with 1g/1 Nacarboxy-methylcellulose was used to demonstrate the ability to decompose natural polymers, though it is not by itself an indicator of cellulolytic abilities.
Sensitivity to heavy metals was determined on the PYG medium with 1mM CuSO4. To test UV-sensitivity, streak inoculation of several isolated was done radially, and the Petri dish irradiatied (44.5 and 89J/m2) as cardboard screens with concentric round holes were gradually removed. UV-sensitive isolates were those which did not produce visible colonies on the dishes following 1 min of UV-irradiation.
Clustering and species diversity
Characters were coded 1 for positive and 0 for negative. Similarities were calculated using simple matching coefficient Ssm. The isolates were clustered using complete linkage method (Sneath & Sokal8) ). Groups were difined at 80% similarity level. The isolates not included in any of the groups were treated as single-member clusters.
the number of isolates in the cluster divided by the total number of isolates, was used as a diversity to be a more sensitive measure of species diversity (May6)).
Results and Discussion
Isolates Incubation both of the control and UVirradiated dishes for 267 hr with the three media produced 50 to 300 colonies, where the degree of dilution of the soil suspension for inoculum was 100 times higher in the case of the irradiated dishes. Though the amount of colonies chosen for further study was initially big enough, the portion of asporogenic bacterial isolates was rather small in every case. Highly diluted PYG/ 100 medium appeared especially good in production of both slowly developing bacillae which were to be discarded until the end the study, and colonies which were impossible to subculture on any medium used. Finally, 60 isolates from control dishes and 45 isolates from UV-irradiated dishes were obtained.
All 105 isolates were able to grow on PYG medium, and since this feature appeared to have no discriminating value, the sets of isolates from PYG and PYG/100, and even of isolates from all three media were treated as rather uniform isolates.
The set of 105 isolates, consisting of subsets of UV-selected and control isolates, was studied. Among the isolates obtained from irradiated dishes, Gram-negative organisms were more numerous, hydrolytic activity (except aesculine hydrolysis) was less pronounced. The portion of organisms capable of growing on either nigrogenfree medium of NB agar was smaller. The ability to utilize even such common compounds as acetate, fumarate, and glucose was less common. Caproate, cellobiose, serine, and asparagine were also more rarely utilized. These changes seemed similar to those reported after subjecting the bacterial community to other stress conditions, e. g., heavy metals (Dean-Rossz)). The smaller portion of bacteria able to grow on NB agar can be considered evidence of the predominance of oligotrophic organisms in the UV-selected microbial community. UV-irradiation seems to have small specific selective value, since the response of both subsets to UV is rather uniform. Due to the heavy inoculum, the UV sensitivity test used in this work did not guarantee that only UV-resistant bacteria were positive, but it seemed adequate since the bacterial density on irradiated dishes was high as well. When UV-sensitive and UV-resistant isolates were analyzed separately, both had about the same hydrolytic activity (except Tween 80 hydrolysis). UV-sensitive isolates utilized various organic acids (including long-chain and aromatic acids) less readily than UV-resistant isolates (Table 1) . The rather versatile abilities of UVresistant isolates are also characteristic of the euryheterotrophic and highly UV-resistant Methylobacterium organophilum. 4n the other hand, pink-pigmented methylotrophs were numerous among UV-sensitive organisms as well.
Clustering and species diversity
Since the exact taxonomical position of the isolates was less important for this study than their phenotypic characteristics, complete linkage was preferred for producing well-difined clusters. When all 105 isolates from all three media were analyzed, 19 clusters containing 60 isolates were found. Table 2 shows the species diversity indexes which were calculated separately for every group described in the table.
The isolates from UV-irradiated dishes were more diverse than those from control dishes. Figure 1 shows that 14 of the 19 clusters included isolates obtained either from control or from experimental dishes. Since the inocula on UVirradiated dishes originally contained about 100 times more cells than control dishes, clusters 12-19 are likely to consist of less common organisms. It could have been argued that the isolates from a somewhat selective methanol-containing medium distorted the picture. Figure 2, 
